To study the associations of weather conditions with the travel mode choice for commuting to and from school. Methods: A total of 6979 Spanish youths aged 7 to 18 years old (80% adolescents aged 12-18 years old, 51% male) completed a 5-day survey of mode of commuting to school in autumn, winter, and spring. Weather data from the nearest weather station to each school were registered. We used Google Maps™ to calculate the distance from home to school. Multilevel logistic regression models were used to estimate odds of active travel based on weather and season. Results: We analyzed a total of 163 846 discrete journeys. In winter, children (aged 7 to 11 years old) were less likely to choose an active mode of commuting to school (OR: 0.72, 95% CI: 0.59-0.89, P = 0.003). In spring, adolescents were more likely to choose an active mode of commuting to school (OR: 1.43, 95% CI: 1.19-1.73, P < 0.001). With higher mean temperatures, adolescents were more likely to choose an active mode of commuting from school (OR: 1.02, 95% CI: 1.00-1.04, P = 0.029). Conclusion: Certain weather conditions seem to influence the travel mode choice for commuting to and from school in youth, including season and temperature.
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| INTRODUCTION
Worldwide physical inactivity causes 9% of premature mortality, 1 and around 80% of adolescents aged 13-15 years old do not meet the international physical activity recommendations. 2 The World Health Organization described the domains in which physical activity might occur, including work, transport, domestic duties, and leisure-time activities. 3 Children and adolescents commute to and from school each school day. Therefore, commuting to and from school provides a good opportunity to be physically active. 4, 5 Choosing active commuting to and from school (ACS) has several health benefits independent of the geographical context, 6 including healthier body composition 7 and better cardiorespiratory fitness. 4, 8 The prevalence of ACS has declined in recent decades. [9] [10] [11] Therefore, it is important to identify which factors facilitate and act as barriers to ACS. In terms of environmental barriers, distance between home and school is a key factor, [12] [13] [14] but weather conditions have also been associated with travel mode choice. 13, 15 Parental perception of the weather has been found to inhibit ACS 16 in the United States, and a study of Belgian adolescents reported a preference for motorized transport in wet weather. 17 Findings from the few quantitative studies that have explored associations between weather conditions and ACS are equivocal. 14, 16, [18] [19] [20] [21] A longitudinal study showed that higher temperature was positively associated with ACS in 2711 North American children, 16 but a Canadian study found that weather conditions were not associated with walking to school. 18 Other cross-sectional and longitudinal studies in New Zealand, Canada, Spain, and the United States did not find associations between weather and ACS. 14, [19] [20] [21] However, these studies have been limited by restricted data collection periods (limiting variability in weather conditions), relatively small population samples sizes, cross-sectional design, and the use of usual mode of travel as a proxy for mode choice on a given day. Additionally, previous evidence has considered weather conditions in relation to ACS behavior using measures from the full day, which might not be temporally specific enough to identify relationships between weather conditions and the choice of mode of commuting to and from school. 14 We build on the research evidence using a large, repeated-measures data set of travel mode collected from almost 7000 children and adolescents in southern Spain. Linking these data to time-specific weather variables, we aimed to study the associations of weather conditions with the travel mode choice for commuting to and from school in children and adolescents aged 7 to 18 years old. 24, 2013) . Due to the proximity between the involved cities, all shared a specific climate (ie, semiarid and Mediterranean continental climates), characterized by an absence of extreme fluctuations during the year. The mean temperatures of the involved cities in each season were 12.6 C (54.7 F) in autumn, 10.1 C (50.2 F) in winter, and 17.3 C (63.2 F) in spring. Those who consented to participate were asked to complete the 'Mode and Frequency of Commuting to and from School Questionnaire' at the 3 seasonal measurement time points; participants wrote their name or code (depending on the school policy) in the questionnaires in order to link the information in the 3 measurement points. Weather data from the nearest weather station to each school were obtained from the Spanish Meteorological State Agency (AEMET). A total of 17 different weather stations were used to obtain weather data. The mean proximity between each weather station and school setting was 10 523.59 ± 11 834.42 m. Commuting distance from home to school for each participant was estimated as the shortest walking network path between the home and school using Google Maps™ software.
| METHODS

| Study participants and design
The research ethics committee of the University of Granada (Granada, Spain) approved the study protocol (case no. 817). Every school involved in the study was informed about the study purpose, and they informed the students and parents about the study aims. Parents provided a signed informed consent.
| Commuting to and from school
Students completed a valid self-reported questionnaire 22 with the help of the teacher; the use of such surveys has been proposed as the most appropriate and valid method for ascertaining mode of commuting to school. 22, 23 In addition to personal data (date of birth, gender, postal address, school, and grade), the questionnaire asked participants how they usually traveled to and from school, and also to record how they had traveled to and from school on every day over the previous week. The response options were as follows: walk, cycle, motorcycle, car, bus, and 'other' (in this case, the mode was requested). Modes to and from school were classed as active transport (walk and cycle) and passive transport (car, motorcycle, and bus). The mode "other" was omitted as few journeys (n = 130) recorded an alternative mode. Journeys in which participants selected at least one active mode and one passive mode (ie, a multimodal trip) were also omitted as it was not possible to class them as either active or passive transport (n = 90 journey observations). For a better journey observation characterization, the direction of travel was also recorded.
From the question about how participants usually traveled to school, a variable was created by the sum of the usual mode of commuting questions at each season (autumn, winter, and spring), taking in account each way of commuting separately (ie, to and from school). Those participants were coded as being usually active if they reported a usually active mode of commuting (walk or cycle) in at least half of the measurement time points they completed. Otherwise, they were coded as being usually passive. The same procedure was developed to create a variable from the question about how participants usually traveled from school.
| Weather variables
Weather data were obtained from the nearest weather station to each school from the Spanish Meteorological State Agency. Data on day length, direct sunlight (hours of sunlight with an intensity ≥80%), temperature, wind speed, and precipitation were obtained from the Spanish Meteorological State Agency for each hour of the day. For daylight and direct sunlight variables, the total of hours was calculated, while for temperature, wind speed, and total precipitation variables, means during 7:00 am to 3:00 pm were calculated.
| Inclusion criteria
Participants were included in the analysis if all personal data (ie, age, gender, address) were reported. All individual journeys for included participants were then included as long as a single travel mode had been reported. Multimodal trips were excluded as they could not be categorized as active or passive.
| Statistical analyses
Descriptive analysis was undertaken in order to characterize participants and journey observations, summarized as mean and standard deviation for continuous variables, and percentages for categorical variables. Student's t tests were performed for continuous variables, and chi-square tests were performed for categorical variables to test whether there were differences in outcomes between seasons (ie, autumn, winter, and spring) and between the modes of commuting reported in each journey (ie, active transport and passive transport).
As the sampling frame of journey observations was based on participants and schools, adjusted relationships between weather variables and each mode of commuting outcome were assessed using logistic multilevel modeling, using the binary mode of commuting mode as the outcome (active vs passive) and Markov chain Monte Carlo (MCMC) estimation. The hieratical nature of the sample of journeys within participants within schools is taken into account in the model. First, the association between each exposure variable and each outcome measure was assessed. Individual factors with a P-value of <0.1 were included in multiple models. Due to the strong relationship between season and day length, we included only season in subsequent analyses. Multilevel logistic regression models were fitted stratified by direction of travel (to vs from school) and age (children vs adolescents). Furthermore, multilevel logistic regression models were undertaken stratified by the usual mode of commuting to school (ie, usually active and usually passive), and age (children vs adolescents). Descriptive and logistic regression analyses were undertaken using STATA v.11, 24 and multilevel logistic regression models were constructed using MLwiN v.2.34. 
| RESULTS
A total of 6979 students participated in the study, from which 7 participants were excluded because they did not report age or gender. A final sample of 6972 participants were therefore included in the study, and 209 160 journey observations (ie, 30 journey observations per participant) were recorded. A total of 45 314 journey observations (22%) did not meet the inclusion criteria. The final sample size was 163 846 journey observations ( Figure S1 ). Table S1 describes the characteristics of the participants, mode of commuting and weather variables within each season. There were significant differences in age, gender, usual mode of commuting to school, usual mode of commuting from school, and daylight between autumn, winter, and spring (all, P < 0.001). Table 1 shows descriptive characteristics of the journey observations. There was a difference in average distance from home to school between active and passive journeys (763 ± 1015 vs 5277 ± 6295 m, P < 0.001). Direct sunlight, temperature, and wind speed were all on average higher on active journeys, and precipitation was slightly lower. There were differences in age, gender, direction of travel, and season between active transport and passive transport modes (all, P < 0.001).
Age, gender, direction of travel, daylight, direct sunlight, mean temperature, mean wind, total precipitation, and season | HERRADOR-COLMENERO Et AL.
showed statistically significant (P < 0.05) associations with mode of commuting (ie, Active transport and Passive transport) in multivariable models (data not shown). Table 2 shows the results of multilevel models stratified by direction of commuting (ie, to school or back). With higher total precipitation, children were slightly more likely to commute actively to school (OR: 1.01, 95% CI: 1.00-1.02, P = 0.047), and in winter, children were less likely to choose an active mode of commuting to school (OR: 0.72, 95% CI: 0.59-0.89, P = 0.003). In spring, adolescents were more likely to choose an active mode of commuting to school (OR: 1.43, 95% CI: 1.19-1.73, P < 0.001), and with higher mean temperature, adolescents were slightly more likely to choose an active mode of commuting for returning from school (OR: 1.02, 95% CI: 1.00-1.04, P = 0.029). Table 3 shows the results of multilevel binary logistic regression models between mode of commuting in each journey (ie, active transport and passive transport) with direction of travel and weather variables stratified by usual mode of commuting. Although some variations were found by age in the association between the mode commuting with weather conditions, analyzing all the sample together, the results remain constant in the association between the mode commuting with direction of travel; youths were more likely to choose an active mode of commuting (all, P < 0.001) on the journey home from school, regardless of whether they reported being usually active travelers or usually passive travelers.
Moreover, for usually active commuters, youths were more likely to choose an active mode of commuting with higher mean wind (OR: 1.02, 95% CI: 1.01-1.02, P < 0.001) and in spring (OR: 1.10, 95% CI: 1.04-1.17, P = 0.002). Moreover, with more time with direct sunlight (OR: 0.99, 95% CI: 0.98-0.99, P = 0.004), with a higher mean temperature (OR: 0.99, 95% CI: 0.98-0.99, P < 0.001), and with higher total precipitations (OR: 0.99, 95% CI: 0.99-0.99, P = 0.002), youths were less likely to choose an active mode of commuting. For usually passive commuters, with higher mean temperature (OR: 1.04, 95% CI: 1.02-1.05, P < 0.001), higher mean wind speed (OR: 1.05, 95% CI: 1.03-1.07, P < 0.001) and with higher total precipitations (OR: 1.01, 95% CI: 1.00-1.01, P = 0.021), youths were more likely to choose an active mode of commuting. Additionally, in winter, youths were less likely to choose an active mode of commuting (OR: 0.81, 95% CI: 0.70-0.93, P = 0.002).
| DISCUSSION
We explored the associations between weather conditions and mode of commuting to and from school in Spanish children and adolescents. Although mode of commuting to 
T A B L E 1 Descriptive characteristics
of the journeys which combines the observations from the 3 seasons studied school was not consistently associated with weather conditions, we observed that some changes in the weather might modify the usual mode of commuting to and from school of the children and adolescents. In general, in the current study small size effects of the weather conditions on active commuting were detected. For example, higher mean temperatures were associated with ACS in adolescents, but only on the direction of travel from school. A previous study reported similar associations between higher temperatures and ACS 16 in children.
Higher total precipitation was slightly associated with ACS choice in children, a different finding given the associations previously seen between rainfall and physical activity in general. [26] [27] [28] [29] [30] Moreover, in a qualitative study, older adolescents reported to prefer the use of motorized transportation in rainfall conditions, 17 but we found no association in the current study. This difference might be explained by the methodology used, with the qualitative study reporting the intention of the adolescents for commuting given different rainfall conditions, while our study follows a quantitative methodology which showed how the adolescents actually commuted regardless of their preferences. Additionally, due to the cross-sectional analysis performed in this study, the results obtained with the precipitation variable could be dismissed as a punctual and unusual result compared with previous researches. Some studies from the last decade support the idea that weather conditions do not have any impact on the mode of commuting to school. 14, [19] [20] [21] The lack of a consistent impact and the slight effect of the current study might be explained by the specific climate of the schools' location (ie, semiarid and Mediterranean continental climates), a climate without extreme fluctuations during the year, which allows the development of a strong routine behavior. Furthermore, the weather characteristics in the chosen weeks were quite mild and stable with no heavy rainfall. Moreover, the average active journey length was relatively short at 763 m (SD 1015) for active travelers, compared to 5277 m (SD 6295) for passive journeys, which may be a reason to maintain the active or passive behavior irrespective from weather conditions in each group. We may speculate, following the results of Mitra and Faulkner 18 in Canadian children, and Robertson-Wilson et al. 19 in Canadian adolescents, that specific weather conditions should not be an actual barrier to ACS in children and adolescents from the south of Spain.
Concerning seasonal associations with ACS, children were less likely to choose an active mode of commuting for going to school in winter while adolescents were more likely to choose an active mode of commuting for going to school in spring. Nevertheless, there was no association for the mode of commuting from school, which could indicate that seasons might have an effect on the choice of the mode of commuting to school, but not for commuting from school. The seasonal variations in the choice of mode of commuting to school are consistent with previous findings; children and adolescents were more sensitive to seasonality, with higher percentages of active commuting in warm seasons. [31] [32] [33] However, other studies supported the idea that seasonal climate did not appear influencing on the choice of mode of commuting from school. 18, 19 In the current study, ACS was associated with more pleasant seasons such as autumn and spring compared to winter time. However, seasonality shows different characteristics in every geographical context, and there are inconclusive results in the scientific literature regarding the influence of the season on the mode of commuting to school in youths.
Regarding the effect of weather conditions and season on the usual mode of commuting to school, our results suggest some deviation from usual behavior as previous studies showed. 13, 33 Children who reported being usually passive were more likely to become active commuters in spring.
On the other hand, adolescents who reported being usually passive were more likely to become active commuters with higher mean temperature, higher mean wind speed and in autumn, compared with winter. These results suggest that among those who are usually passive, warmer weather conditions may produce a change from passive behavior to ACS. Faulkner et al. (2010) found that parents of children who are usually active choose a passive mode when they perceived worse weather and those who are usually passive choose an active mode when they perceived better weather. 34 These results, which are similar to those found in the current study, highlight the importance of working with both parents and young people through intervention programs to reduce the impact of the weather conditions by helping active commuters to stay active in worse weathers, and encouraging those who are usually passive to be active in better weather conditions. The most conclusive result observed was that all participants (ie, usually active and usually passive commuters, children, and adolescents) were more likely to use active modes of commuting on the direction of travel back from school than on the direction of travel to school. Parents' convenience might be the main factor associated with changes in the mode of commuting to and coming from school. 35 Additionally, differences between weather conditions during the afternoon compared to the morning might prompt children and adolescents change to choose an active mode of commuting when coming back from school. These observations are important when planning interventions to promote active commuting to school. The associations between weather and season and ACS were more evident in adolescents than in children. These differences might be explained because children have less say on their mode of commuting than adolescents. 9, 34 Children's mode of commuting to and from school is usually a parental decision, and parents' perceptions are a strong determinant on their children's mode of commuting. 13, 36 Other determinants such as distance, 12 safety 37 or neighborhood attributes 38 might be more important than weather conditions in that choice. Independence in the decision on mode of commuting increases in adolescents because independent mobility increases with age. 37, 39 Adolescents make a decision about their mode of commuting to school taking into account the distance, safety, or weather factors. Accordingly, Simons et al. (2013) concluded that weather (as well as travel time, autonomy, and social support among others) is a determinant in the decision on mode of commuting in older adolescents. 17 
| Study strengths and limitations
The main strengths of the work are the inclusion of a large sample of journeys, measured at three seasonal time points in the same school year with individually linked data on personal characteristics and travel mode to and from school over three-five-day periods, that allowed us to examine in detail the associations between mode of commuting and weather variables via multilevel analyses. Our data were recorded at the journey level allowing us to explore changes in behavior within individuals. We were able to study weather conditions during school hours which are a more temporally specific measure of exposure than is usual in this type of study. Furthermore, weather data were objectively collected by the Spanish Meteorological State Agency while in some other studies it was parents or research assistants who collected these data, 40 being less objective, although weather conditions recorded at the meteorological station may not be those actually experienced by the participants. In terms of weaknesses, the weather variation within the sample is somewhat limited, as participants come from a similar and proximal geographical area, so our results may not be generalizable to settings with different weather conditions. Although our repeated-measures study design is stronger than the cross-sectional methods often used, we cannot determine causality in the associations we observed and the large number of tests undertaken means that some associations observed may be due to chance. Although we were able to consider distance from home to school, a key determinant on travel mode choice, we did not have information on parental mode of commuting, which may be important for children's commuting behavior.
| PERSPECTIVE
Weather conditions showed few consistent associations with active commuting to school. Educational and policy programs focused on increasing physical activity levels through this behavior among children and adolescent should potentially emphasize the reduction in barriers such as distance [12] [13] [14] or parental perceptions about active commuting to school behavior. 16 However, we found that daily weather conditions modified the usual mode of commuting to and from school. So that, usually passive commuters were more likely to take an active mode in the spring (this association was seen for children only). Policies aimed at encouraging a change in behavior from passive to active commuting may therefore | HERRADOR-COLMENERO Et AL.
be best targeted in the Spring when children may be more amenable to change, while programs in autumn and winter may be more successfully aimed at behavior maintenance.
| CONCLUSION
Few associations were observed between weather conditions and mode of commuting to and from school. We found that specific weather conditions such as higher mean temperatures and warmer seasons had positive association with the daily ACS. Additionally, some deviations from the usual mode were associated with weather conditions, specifically increased odds of active travel among usually passive traveling adolescents in warmer weather, and among passively traveling children in spring. It may therefore be beneficial to explore the promotion of active travel options to usually passive commuters in good weather, allowing them to have good experiences which may lead a behavior change throughout the year.
